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Numerous methods have been devised for the assay of fungistatic materials 
(1-7). For the most part, they provide a satisfactory in vitro means of com-
paring the fungistatic activities of various substances. We are describing our 
method only because it simplifies and facilitates the quantitative estimation of 
the data and yields very clear-cut and reproducible results. 
The methods commonly used in the field of medicine are far less critical than the tech-
niques employed by the plant pathologist. The latter, for sound theoretic reasons, esti-
mates fungistatic activity by determining the median lethal dose (LD50); that is, the dose 
required to inhibit germination of 50% of the spores of the test organism (8-10). It has 
been shown that the LD.o can be determined much more precisely than the LD 100 , which is 
the toxic dose required to inhibit germination of 100% of the spores. For this reason, 
comparisons of fungicides are made at the LD5o level, a point which can be accurately de-
termined from spore inhibition curves. The technique for the determination of LD50 values 
has been minutely standardized and is amenable to statistical analysis, so that one can 
estimate the limits within which it may be expected to lie with any desired degree of prob-
ability, such as odds of 20 to 1. 
In respect to dermatophytosis, the problem of a suitable laboratory test for the evalua-
tion of agents to be used in treatment is such that it has been exhaustively studied by a 
special committee of the Council on Pharmacy and Chemistry of the American Medical 
Association (11). The technique which we are describing by no means eliminates all of the 
numerous difficulties recognized by the committee and we accordingly look with envy upon 
the standardized methods of the plant pathologists. However, the LD5o method is not 
very practical for medical purposes. Satisfactory test organisms are not available; we 
have only one large-spored fungus (M. lanosum) whose spores will germinate quickly and 
completely in H 20. Moreover, the LD5o technique is highly technical and is hardly worth-
while unless one is comparing large numbers of fungicides day after day. Accordingly, 
there is a need for the standardization and use of methods yielding rnore reliable data than 
those presently employed. Emmons has recognized this and has devised a satisfactory 
method for the determination of fungicidal activity using Trichophyton mentagrophytes as 
the test organsm (3). To be useful clinically, however, drugs need only satisfy the criterion 
of fungistasis. The present eminence of the aliphatic saturated fatty acids in the therapy 
of dermatophytosis certainly justifies this view, since the fungicidal properties of these sub-
stances are far less than their fungistatic activity, and in fact at higher pH's these sub-
stances do not have fungicidal powers at all (12). Consequently, it is entirely appropriate 
that the methods used in the past have been directed at the evaluation of fungistatic rather 
than fungicidal activity. 
The usual method involves dissolving the fungicide in an agar base or in liquid media and 
determining the minimal concentration required to give complete inhibition (6). It is 
cumbersome with insoluble materials and has the further objection (when comparing differ-
ent materials) that only endpoints (or LD1oo's) can be compared. It is not possible by this 
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method to estimate the degree of fungistatic activity exhibited by concentrations less than 
that required to give complete inhibition. It will be shown below that fungistatic agents 
behave differently at various concentrations within the fungistatic range and that false 
impressions can be gained if only the point of complete inhibition at minimal concentration 
is considered. The agar cup plate method of Ruhle and Brewer (5) overcomes this particu-
lar objection, but has not come into common use except in the evaluation of ointments. 
The method which we have used is essentially a modification of Sherwood's 
(13) technique used in the evaluation of antibiotics. It includes in addition the 
essential features of the agar cup-plate method. Foley and co-workers (12) 
have recently used a method very similar to the one described below but we 
have taken some pains to standardize the technique and to consider the impli-
cations of the data secured. Hillegas and Camp's (19) modification of the 
penicillin cup-plate method does not, in our estimation, yield sharp inhibition 
zones. Although more cumbersome, it is, however, essentially similar to the 
one we are describing. No claims of originality are implied. The method is 
suitable for use with those fungi which produce abundant spores or other cells 
which can be readily suspended in water. We have found it eminently satisfac-
tory with Trichophyton mentagrophytes, Trichophyton tonsurans, Micro-
sopomm lanosum, M. fulvum, Hormodendmm Pedrosoi, Sporotrichum Schencki, 
Candida albicans and Tomla histolytica. It will be seen at once that the fungi 
in this group include members of both the superficial and the deep mycoses. 
For routine testing of fungistatic power it is appropriate to use two or three 
different species, and in our judgment, Trichophyton mentagrophytes (Emmons 
fl, 640), Microspomm lanosum and Torula histolytica are representative selec-
tions. It would be ideal if standard strains of the last two organisms could be 
maintained in a manner similar to Emmons' T. mentagrophytes fl, 640. 
The method consists of pipetting 20 ml. of Pennsylvania medium (14) adjusted 
to pH 6.0 into a sterile Petri dish and allowing the medium to harden. A sus-
pension of the selected organism is made up to compare in density to a suspension 
of Torula histolytica containing 15,000,000 cells per ml. The Torula suspension 
is used as a permanent standard and is made up by means of a hemocytometer. 
The cells are killed and preserved in phenol. Comparison with the standard 
can be made with the naked eye or with a photoelectric apparatus. A more pre-
cise standard is available in the form of the Kingsbury-Clark standards for 
determining spinal fluid proteins. The Torula suspension described above com-
pares in density to the Kingsbury-Clark standard No. 40 (40 mg. %). At first 
we had planned to use suspensions of the different fungi made up to contain 
5,000,000 cells per mi. However, it was soon discovered that it was almost 
impossible to secure suspensions of this order with Microsporum lanosum and 
M. fulvum; moreover, with Hormodendmm Pedrosoi large amounts of hypha! 
fragments always accompanied the spores. For this reason and also for the sake 
of simplicity, it was decided to make up all suspensions in reference to the above 
standard. It is not at all necessary to take undue pains in accurately preparing 
the suspensions. A preliminary study showed that with the same organism 
(T. mentagrophytes and M. lanosum) variations as much as 100% in the cell 
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counts were not significant. Suspensions approximately equal to the standard 
are adequate and will give reproducible results. 
For making up suspensions of Torula histolytica and Candida albicans, some 
of the agar growth is removed with a needle and put into water. For Trichophy-
ton species and Microsporum lanosum, one can simply add water to the tube in 
which the organism is growing and scrape the surface with a needle. For 
Hormodendrum Pedrosoi, and Sporotrichum Schencki, we have found it expedi-
ent to grow them in small flasks containing a shallow layer of liquid Pennsylvania 
medium. Simple agitation of the flask releases large numbers of the spores 
into the medium and samples are then easily pipetted out. Suspensions of the 
mycelial organisms are filtered before use through a thin layer of cotton to 
remove clumps; they are then adjusted to the density of the standard. 
The age of the culture within reasonable limits was found not to be a factor of 
great importance. It is our custom to use two to three week old cultures of the 
mycelial fungi and one week cultures of the yeast-like organisms such as Torula 
histolytica and Candida albicans. 
The Petri dish when ready for use thus contains a thin superficial layer in 
which the fungus cells are imbedded and a 20 ml. base layer below. Because 
of the thinness of the top layer, relatively sharp zones of inhibition are obtainable. 
To test any particular fungicide, sterile filter paper disks1 13 mm. in diameter 
are picked up \Vith sterile forceps and dipped into various concentrations of the 
fungistatic materials. The excess liquid is drained off by touching the disk to 
the walls of the container and the disk is immediately dropped onto the agar 
surface. Four disks containing four different concentrations of the compound 
are placed on each plate and after a constant incubation (such as at 37°C.) the 
zones of inhibition are measured and recorded (Figs. 1-3). Torula and Candida 
plates can be read in two to three days, while the mycelial fungi require five to 
seven days. The inhibition zones are always more distinct with the yeast-like 
organisms (Fig. 4). 
One of the advantages of the technique, as in the agar cup-plate method, is 
that ointments and insoluble materials can be used. For both water soluble 
and insoluble materials, we have found it expedient to use acetone rather than 
water as the solvent because bacterial contamination rarely occurs, and one need 
not sterilize solutions or containers in which the solutions are mixed. By and 
large, acetone is a good solvent for most water insoluble materials. Experience 
has shown that the inhibition zones are approximately the same with either 
acetone or water although they are markedly different when alcohol is used as a 
solvent. We cannot agree with Hillegas and Camp's (19) statement that acetone 
penetrates agar more readily than \Vater. In fact their own data, excepting with 
the use of gentian violet, is inconsistent with this view. The possibility exists 
however that acetone may combine with some organic fungistatic agents. The 
vehicle in which the active agent is dissolved influences the results considerably, 
a fact which has been recognized by others (15, 16, 19). For ointments we have 
1 Schleicher and Schull. New York City. 
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FIGURES I TO IV: INHIBITION ZoNES WITH A NAPTHOQeiNONE DERIVATIVE. 
CoNCENTRATIONS 1:1000 TO 1:50,000 
Figure I. Trichophyton mentagrophytes 
Figure II. Hormodendrum Pedrosoi 
used a standard vehicle of 45% propylene glycol and 55% carbowax, 40002• 
Acetone itself has no inhibitory effect in this method. In the case of ointments, 
2 Carbide and Carbon Corporation. 
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the paper disks are dipped into the melted ointment and placed on the plate in 
the usual manner. 
Figure III. Sporotrichum Schencki 
Figure IV. Torula histolytica 
A few of the results obtained are given in Table I; our results with a large 
series of fungistatic materials will be given elsewhere (17). An examination of 
the table will show that if compounds such as 2-methyl-1 ,4-naphthoquinone and 
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TABLE I 
Fungistatic effect of some napthoquinone derivatives 
MILLIMETERS OF INHIBlTlON 
Torula 
histolytic a 
Trichophyton 
mentagrophytes 
Microsporum 
lanosum 
COMPOUND 
2, 3-dichloro-1 ,4-napthoquinone . 
2 methyl-1,4-napthoquinone. 
2 thiocyano-3-chloro-1 ,4-naptho-
quinone .... 
pbenanthraquinone-9, 10 ...... . . 
~~~- ~- § 
I ~ ;51;3 ;9 :2 :o 
51 48 20 0 52 41 
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22 21 
50 43 
20 14 30 
25117 1 40 
TABLE II 
25 35 
§ § 
~.. sf 
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23 15 
28 26 
23 17 
18 0 
24 21 35 14 
26 21 
31 26 
Fungistatic activity at various concentrations within the inhibitory range 
Zone of inhibition vs. dilution of fungicide 
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ORGA?IISMo Torula histolytlca 
lO (1) 2-methyl-1, 4-napthoquinone 
(2) 2, 3-dichloro-1, 4-napthoquinone 
(3) 2 thiocyano-3-cbloro-1, 4-napthoquinone 
Dilution 
17 14 
0 0 
16 14 
14 0 
phenanthraquinone-9, 10 are compared with the other two at a concentration 
of 1:50,000 these materials will appear to be generally inferior. If the compari-
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son is made at 1:1,000 however, these agents make a far better showing than the 
others. Now, if the conventional agar dilution method had been used, this 
finding would have been completely hidden. If one examines curves secured by 
plotting zones of inhibition against concentration, it becomes evident that such 
curves have different slopes (Table II); thus with some agents the fungistatic 
activity falls off rapidly as the concentration is decreased while others maintain 
a fairly constant degree of fungistasis throughout the dilution range. With the 
former type of compound, it is obvious that the concentrations clinically used 
should be kept at as high a level as is practicable-a highly important point in 
clinical practice. 
One of the criticisms leveled at a method of this kind, as well as the penicillin 
cup method, is that the inhibition zones depend upon the rate of diffusion of the 
fungicide, a factor which may not truly reflect inhibitory capacity. Diffusibility 
in itself is a desirable property for an agent which is to be used on the skin, and 
if the situation on the skin is roughly similar to that of the in vitro conditions as 
far as diffusibility is concerned, the agar plate method serves an additional 
function. It is well known that some fungistatic materials are partially or 
wholly inactivated by substances contained in the agar medium or by agar 
itself. This does not, by any means, constitute a defect of the method since 
fungicides for use on the skin should maintain their activity in the presence of 
organic matter; in fact, blood or serum is frequently added to the medium in 
bacteriologic testing to determine the capacity of the bactericide to exert its 
effect under these conditions. 
Although we feel that the method described above has many advantages over 
the other methods, we would not imply that it enables one to predict clinical 
effectiveness from in vitro results any more than with other methods. We are in 
agreement with the Council on Pharmacy and Chemistry (11) and with Sulz-
berger (8) that the clinic is the critical testing ground for fungistatic materials 
SUMMARY 
A filter paper disk method for the laboratory assay of fungicides has been 
described. Its chief advantages are: 
(1) It permits comparison of fungistatic activity at various concentrations 
within the fungistatic range. 
(2) A maximum of four dilutions can be tested on a single plate. 
(3) The testing of insoluble materials and of ointments is facilitated and 
standardized. 
(4) The technique is simple. 
We are greatly indebted to Dr. Fred D. Weidman for his generous aid in the 
course of this work. 
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